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During mitosis, microtubules (MTs) form the bipolar spindle that serves as the mechanical 
apparatus to separate chromosomes into two daughter cells. MTs are basically composed of - and 
- tubulin, but they are diversified by post-translational modifications of tubulin subunits, including 
acetylation of Lys-40 on -tubulin. Tubulin acetylation is a marker of long-lived MTs and can 
modulate the interaction of MTs with microtubule-associated proteins (MAPs) and motor proteins 
and thereby alter dynamic properties and cellular functions of MTs. In mitotic cells, acetylated MTs 
are enriched in the centrosomes and spindles. However, the functional significance of tubulin 
acetylation during mitosis is still unclear because of the lack of our understanding how tubulin 
acetylation is regulated in mitosis. 
 Furry (Fry) is an evolutionarily conserved protein from yeast to human. In invertebrate cells, Fry 
is involved in cell division, morphogenesis, polarized growth, neurite outgrowth and dendritic tiling. 
We previously showed that mammalian Fry plays crucial roles in chromosome alignment and 
spindle pole integrity via the activation of NDR and polo-like kinase 1 (Plk1) in mitotic cells. Fry is a 
MT-binding protein and localizes to highly acetylated MTs in the mitotic spindle and the midbody in 
mitosis. However, it is unclear whether Fry could affect on MT acetylation and organization. 
 In this study, I demonstrated that Fry has a capacity to enhance MT acetylation in the mitotic 
spindle via its binding to and inhibiting SIRT2, an NAD
+
-dependent deacetylase of Lys-40 on -
tubulin. I showed that depletion of Fry reduces the level of MT acetylation in the spindle and that 
expression of the N-terminal fragment of Fry induces MT hyperacetylation and bundling in cells, 
suggesting that Fry is involved in the positive regulation of MT acetylation via its N-terminal region. 
I also showed that Fry binds to SIRT2 preferentially in mitosis. Pull-down assays revealed that Fry 
binds to the catalytic domain of SIRT2 via its N-terminal region. Cell-free measurements of SIRT2 
activity revealed that Fry inhibits the tubulin deacetylase activity of SIRT2. In mitotic cells, Fry and 
SIRT2 colocalize in the centrosomes and the spindle, in spite of the fact that these structures contain 
highly acetylated MTs, which raises the possibility that Fry promotes MT acetylation in the spindles 
via inhibiting SIRT2-mediated tubulin deacetylation. To examine this, I analyzed the effect of SIRT2 
inhibition on MT acetylation in the spindle in control or Fry-depleted cells and found that exposure 
to AGK2, a specific inhibitor of SIRT2, increased the level of MT acetylation in the spindle in 
control cells, suggesting that SIRT2 is involved in deacetylation of spindle MTs. Furthermore, AGK2 
restored the decreased MT acetylation in Fry-depleted cells, which suggests that MT deacetylation in 
the spindle in Fry-depleted cells is due to the failure of suppression of SIRT2 activity. Together, these 
results provide evidence that Fry plays a crucial role in increasing the level of MT acetylation in the 













Fry の新規結合タンパク質としてチューブリン脱アセチル化酵素である SIRT2 を同定し、Fry と
SIRT2が分裂期特異的に結合することを明らかにした。Fry の SIRT2結合領域は N末端領域にあり、
その領域を除いた N末端断片では微小管アセチル化が誘導されなかった。また、Fryは SIRT2の不
活性型とは結合しないことから、Fryは SIRT2の触媒ドメインに結合していることが示唆された。
また、Fry存在下では SIRT2のチューブリン脱アセチル化活性が有意に低下していることを明らか
にした。さらに、Fry の発現抑制による紡錘体微小管のアセチル化レベルの低下は、SIRT2 特異的
な阻害剤の処理によって、コントロールと同程度まで回復することを見出した。以上の結果から、
Fryは分裂期において SIRT2と結合しその活性を阻害することによって、分裂期紡錘体微小管のア
セチル化レベルを促進していることが明らかとなった。以上の成果は、紡錘体微小管のアセチル
化の制御機構を理解する上で重要な成果であり、本論文は、著者が自立して研究活動を行うに必
要な高度の研究能力と学識を有することを示している。したがって、永井友朗提出の論文は、博
士（生命科学）の博士論文として合格と認める。 
